Background The benefit of beta-blockade on postoperative outcome remains controversial, though recent studies have suggested a role during major non-cardiac surgery. The benefit of beta-blockade during minimally invasive gastric bypass surgery remains unclear. The aim of the present study was to evaluate the possible association between preoperative beta-blocker therapy and postoperative outcome after laparoscopic gastric bypass surgery. Methods Patients operated with primary laparoscopic gastric bypass surgery in Sweden between 2007 and 2017 were identified through the Scandinavian Obesity Surgery Registry. The dataset was linked to the Swedish National Patient Registry, the Swedish Prescribed Drug Registry, and Statistics Sweden. The main outcome was serious postoperative complication within 30 days of surgery; with postoperative complication, 90-day and 1-year mortality, and weight loss at 2 years after surgery as secondary endpoints. The Poisson regression model was used to evaluate primary and secondary categorical outcomes. A general mixed model was performed to evaluate 2-year weight loss. Results In all, 50281 patients were included in the study. No difference was seen between patients on beta-blockade and the control group regarding postoperative complications (adjusted incidence rate ratio 1.04 (95%CI 0.93-1.15), p = 0.506), serious postoperative complication (adjusted IRR 1.06 95%CI 0.89-1.27), p = 0.515), 90-day mortality (adjusted IRR 0.71 (95%CI 0.24-2.10), p = 0.537), and 1-year mortality (adjusted IRR 1.26 (95%CI 0.67-2.36), p = 0.467). Weight loss 2 years after surgery was slightly greater in patients on beta-blockade (adjusted coefficient 0.53 (95%CI 0.19-0.87), p = 0.002). Conclusions Beta-blockade has limited impact on postoperative outcome after laparoscopic gastric bypass surgery.
Introduction
Only two decades ago, bariatric surgery was considered a highrisk surgical procedure with mortality rates reaching 1% or higher [1] . The introduction and refinement of laparoscopic bariatric surgery in conjunction with better pre-, peri-, and postoperative management offered by programs such as enhanced recovery after surgery (ERAS) has led to low complication and mortality rates in these cases [2, 3] . Despite these advances, the rate of adverse outcomes remains high due to the high volume of procedures performed annually worldwide [4] .
Surgical and anesthesiological trauma during bariatric surgery causes a physiological stress response resulting in adrenergic hyperactivity, inflammation activity, and hypercoagulability, ultimately increasing the risk for perioperative complications [5] . While a reduction in stress calls for a multimodal approach [6] , several details in perioperative care play an important role in risk reduction. Previous studies have suggested an association between beta-blocker (beta-adrenergic blocking agents) exposure and lower adverse outcome rates in patients subjected to elective and emergency major abdominal surgery [7] [8] [9] [10] . Whether the same benefits are to be gained in elective, minimally invasive bariatric surgery remains unclear.
The aim of the present study was to evaluate the effect of beta-blocker therapy on postoperative outcome after laparoscopic gastric bypass surgery.
Methods

Study Design
In order to retain a homogenous study population, all adult patients (≥ 18 years) subjected to a primary laparoscopic gastric bypass procedure in Sweden between Jan 1, 2007, and Sept 21, 2017, were recruited from the Scandinavian Obesity Surgery Registry (SOReg) and included in the present study. SOReg is the Swedish national quality and research register for all bariatric surgical procedures with an overall coverage approaching 100% [11] . Using the Swedish personal identity number, unique to each citizen, the SOReg file was matched with individual data from the Swedish population registry, the Swedish National Patient Registry (for hospital admission data and outpatient data), the Swedish prescribed drug registry, and Statistics Sweden.
Baseline data, perioperative data and follow-up data on short-term complications and weight loss were extracted from the SOReg database. Mortality data were based on information from the Swedish population registry. Data on income were extracted from Statistics Sweden and sub-classified into percentiles based on the disposable income (total taxable income minus taxes and other negative transfers) of all adults in Sweden the year of surgery. Comorbidity was based on data from the SOReg and defined as an obesity-related comorbidity requiring ongoing pharmacologic treatment or continuous positive airway pressure treatment. Cardiovascular comorbidity was based on data from the Swedish National Patient Registry, and defined as arrhythmia, ischemic heart disease, or heart failure. Preoperative weight reduction was defined as a weight reduction > 5% of the total weight on a very low calorie diet during the weeks prior to surgery [12] .
Use of beta-blocker medication was based on information from the Swedish Prescribed Drug Registry including all physician-issued prescriptions in Sweden. Patients were divided into a beta-blocker-negative (control group) and a beta-blocker-positive group. Beta-blocker-positive patients were defined as those with a prescription issued (ATC-codes C07AA, C07AB, C07AG, C07FB) within 12-months prior to their surgery.
Postoperative complications were classified according to the Clavien-Dindo classification of postoperative complications [13] . A complication graded as ≥ 3b (a complication requiring intervention under general anesthesia, or resulting in organ failure or death) was considered a serious postoperative complication. The main outcomes of interest were serious postoperative complication, specific postoperative complication, and 90-day and 1-year mortality rates. A secondary outcome of interest was weight loss 2 years after surgery.
Procedure
The surgical procedure for laparoscopic gastric bypass is highly standardized in Sweden, with 99% using the antecolic, antegastric technique where a small gastric pouch (approximately 25 mL) is constructed by linear stapling of the gastroenterostomy combined with hand-sewn closure of the remaining defect [14] .
Statistical Analyses
Baseline sociodemographic and clinical characteristics of the patients are presented using mean ± standard deviation (SD) for continuous variables and percentage for categorical variables. Logistic regression was used to compare categorical baseline characteristics, and Student's t test for continuous variables.
Because of the time-to-event feature of the data, risk for early postoperative complication, serious postoperative complication, and mortality rates were evaluated using the Poisson regression model. Risks for 90-day and 1-year mortality were also examined using the proportional hazards Cox-regression model in a sensitivity analysis. The generalized linear mixed model was used for evaluating associated factors for weight loss 2 years after surgery. Year of surgery, sex, age, body mass index (BMI), disposable income, obesity-related comorbidity, previous deep venous thrombosis/pulmonary embolism (DVT/PE), and preoperative weight reduction were included as covariates in the multivariable regression models for postoperative complication, 1-year mortality, and total weight loss 2 years after surgery. Due to low numbers of cases, preoperative weight reduction was excluded from the 90-day mortality analysis.
In the multivariable models, multiple imputations were used to handle missing values of disposable income and preoperative weight reduction by applying the iterative Markov chain Monte Carlo method [15] . The estimates of 5 imputed data sets were combined according to Rubin's rules [16] . Risks for complication and mortality were reported as incidence rate ratios (IRR) with corresponding 95% confidence intervals (CI). The effect of a factor on weight loss was reported as a coefficient with 95%CI for the percentage of total weight loss. A twosided p value < 0.05 was considered statistically significant. The SPSS Statistics version 25 (IBM, Armonk, NY, USA) and Stata 15.1 (Stata Corp, College Station, TX, USA) were used for the statistical analyses.
Ethics
The study was approved by the regional ethics committee in Stockholm and followed the ethical standards of the 1964 Helsinki Declaration and its later amendments.
Results
In all, 50281 patients were included in the study. Follow-up rate at the day 30 clinic visit was 95.8% (n = 48168), and since registry classification of postoperative complications was introduced in 2010, detailed information was available for 41726 patients. Mortality registered in the Swedish population registry is 100% complete, so that all patients in the study population were included in the 90-day mortality analysis. Only patients with a postoperative follow-up longer than 1 year were included in the analysis of 1-year mortality (n = 48450). Registrations of weight at both baseline and 2 years after surgery were available for 27650 patients.
Baseline characteristics for patients on beta-blocker therapy and the control group are presented in Table 1 . A preoperative weight reduction of > 5% TWL was achieved in 3721 patients (61.0%) in the beta-blocker-positive group and 24562 patients (62.3%) in the control group (p = 0.055).
A postoperative complication occurred in 4010 patients (8.3%) with no difference between beta-blockerpositive (9.9%) and beta-blocker-negative (8.1%) patients ( Table 2) . A serious postoperative complication occurred in 1356 cases (3.2%). In the Poisson regression model, statistically significant risk for the development of a serious postoperative complication was associated with increased age, while higher BMI and higher disposable income (> 50th percentile) were associated with lower risk (Table 3 ). There was no statistically significant difference in the risk for a postoperative complication associated with beta-blocker use.
The 90-day mortality rate was 0.06% (n = 29). After adjustment for potential confounders, no statistically significant association with beta-blocker use could be detected (adjusted IRR 0.71 (CI 0.24-2.10), p = 0.537). The 1-year mortality rate was 0.2% (n = 77), and no statistically significant association with beta-blocker therapy was found after adjustment for potential confounders (adjusted IRR 1.26 (CI 0.67-2.36), p = 0.467). The same results were obtained in the sensitivity analysis using proportional hazard Cox-regression model.
Two years after surgery, the mean fall in BMI was 13.7 ± 4.45 kg/m 2 or 32.3 ± 8.75 %TWL. After adjustment for potential confounders, patients on beta-blockade medication experienced a slightly better weight reduction (Table 4 ). 
Discussion
In contrast to the positive effects of beta-blockers in patients subjected to a major complex abdominal surgical procedure, the same convincing benefits are not seen in morbidly obese patients undergoing laparoscopic gastric bypass who are on beta-blocker therapy. Surgery and general anesthesia are associated with physiological stress causing inflammatory responses, hypercoagulability, and hypoxic states, with increased risk for perioperative complications [5] . A central part of stress activation appears to be caused by adrenergic hyperactivity leading to an increase in blood pressure, heart rate, coronary artery sheer stress, relative insulin deficiency, and free fatty acid levels [5, 17] . It is well established that reducing the physiological stress caused by surgical trauma improves postoperative outcome [6] . It has been postulated that the lower mortality seen in trauma patients on a beta-blocker is due to downregulation of the toxic effects of the trauma-induced hyperadrenergic state [18] . This association is even more pronounced in patients suffering a severe isolated traumatic brain injury who are on beta-blocker therapy prior to their injury [19] . A similar finding has been observed in patients undergoing major non-cardiac surgery [7] [8] [9] [10] . Lindenauer and colleagues demonstrated a significant reduction in hospital deaths in a cohort of more than 780,000 patients with preoperative beta-blocker exposure [9] . Similar findings were reproduced by Kwon et al [10] . Furthermore, a strong association with adverse events up to 90 days following non-cardiac surgery has been demonstrated when regular beta-blocker therapy is discontinued preoperatively [10] . However, it is far from established that beta-blockade offers a general risk reduction in all non-cardiac surgical procedures. In the POISE trial, patients undergoing a wide range of surgical procedures did not show any benefit from preoperative beta-blockade on the postoperative outcomes measured [20] . One explanation for these contradicting results could be different patient populations and surgical procedures. Furthermore, in the POISE-trial, a very high dose of betablocker (not commonly used in clinical practice) was used and some patients did not discontinue the use of betablockers in spite of trial recommendations, which could explain the marginally increased risk for stroke in their study population [21] . Beta-blockade may offer most benefit in major abdominal surgical procedures, with pronounced surgical trauma, on older, frailer patients with higher incidence of comorbidities [7] [8] [9] [10] . This is not the case, however, with relatively younger patients subjected to a minimally invasive surgical procedure such as laparoscopic gastric bypass under elective conditions and multimodal optimization. The present study supports the continuation of beta-blockade therapy during the perioperative phase, as previously described in a combined colorectal and bariatric surgical group [10] .
Although no association between beta-blockade and serious postoperative complications was detected in the present study, increasing age, lower BMI, and lower disposable income were all associated with increased risk for such adverse events. While age is a well-known risk factor for postoperative complications after bariatric surgery [3, [22] [23] [24] , BMI has been reported to be a poor predictor [3, 22] . However, previous studies have reported a tendency towards higher risk for patients with extreme BMI values, both low and high [3, 25, 26] . Since there are very few patients with an extremely high BMI in Sweden [3] , this may well be the explanation for the lack of association between high BMI and complications in the present study. An association between lower socioeconomic status and postoperative adverse outcome has recently been reported [27] , and this is supported by the present study. However, the association is complex and multifactorial, and related to a multitude of factors from health-promoting activities and behavior and good nutritional status, to the ability to understand and utilize healthcare information more often seen in patients with higher socioeconomic status [28] [29] [30] .
Other than the small influence of beta-blockade on postoperative weight loss, higher disposable income and cardiovascular disease both had a small positive effect on postoperative Higher age, male gender, depression, and diabetes were all associated with a somewhat greater negative influence on postoperative weight loss, while year of surgery, preoperative BMI, and preoperative weight reduction had a greater positive influence. Although the mechanism of action to these findings is still to be fully elucidated, the downregulation of the stress response which could affect the metabolic system is a theory that needs further investigation. Also, patients on beta-blocker therapy might have higher compliance to recommended diet prescription and more regularly attend follow-up visits due to other comorbidities. Patients with a high BMI have previously been reported to lose more weight after bariatric surgery compared with patients with a low BMI [31] , although these patients have difficulties in reaching higher success rates when defined as excess weight loss [32] . Our results also support previous reports of lower weight loss among patients with type 2 diabetes [32, 33] , males, and older patients [34, 35] . While the lower weight loss among patients with diabetes and higher age may be explained by increased insulin resistance, mobility limitations, and associated comorbidity, the gender difference is more difficult to explain. Furthermore, the negative influence of socioeconomic factors and depression are somewhat controversial and also warrant future studies designed to look at these specific variables. Finally, time and experience generally leads to improved outcome after bariatric surgery [26] . As evident from the results of the present study, this improvement appears to apply to postoperative weight loss as well.
Another potential risk of beta-blocker therapy is the interference with early clinical signs of stress due to complications, i.e., tachycardia, that may lead to late diagnosis and treatment. In the present study, no distinction between complications, signs of stress, and time-line of recognition of such events and treatment could be made.
Despite the obvious strength of the large material based on data of very high quality in this study, there are limitations that must be acknowledged. The main limitation lies in the study design. An observational study can never fully compensate for all potential factors that may influence postoperative outcome. Despite combining high-quality sources of information, the variables used are limited to those available in the registries used. There may thus be factors of importance that we have not evaluated or adjusted for in the present study. Furthermore, due to the retrospective nature of the study, we had to assume that patients taking a beta-blocker were continued on such treatment throughout the perioperative period. Current Swedish guidelines recommend that beta-blocker therapy should always be continued prior to and after surgery as long as there is no absolute contraindication. Finally, follow-up of weight loss after surgery was limited to 2 years, a time when most patients have maximum weight loss after surgery [36] . Longer follow-up would capture weight regain, an important issue in bariatric surgery. However, a large observational study beyond this time framework is difficult due to high loss to follow-up [37] .
In this large nationwide observational study, beta-blockade had limited influence on postoperative outcomes after laparoscopic gastric bypass surgery. The safety benefits of betablockade hitherto described may be limited to abdominal surgery with greater surgical trauma and the hyperadrenergic state thus induced.
